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RESEARCH MEMORANDUM

TRANSONIC FLIGHT TESTS TO DETERMINE ZERO-LIFT DRAG AND
PRESSURE RECOVERY OF NACELLES LOCATED AT THE
WING ROOT ON A 45° SWEPTBACK WING
AND BODY CONFIGURATION

By Sherwood Hoffman and Austin L. Wolff
SUMMARY

The zero-1lift drag of a sweptback wing and body configuration with
nacelles was determined by flight tests of rocket-propelled models at
Mach numbers from 0.8 to 1.3. Tests were made of solid and ducted
nacelles located at the wing root and were compared with previous tests
of the nacelles at the wing tip. Ground tests were made of a ducted
nacelle to calibrate the flow in the duct st supersonic speeds. The
wing had a sweepback angle of h5 along the guarter-chord line, an
aspect ratio of 6.0, a taper ratio of 0.6, and an NACA 65A009 airfoil
section in the free-stream dlrection. The fuselage fineness ratlo was
10.0. The solid and ducted nacelles hed filneness retios of 9.66 and
8.73, respectively.

The nacelle-plus-interference draeg rise was in general dependent
on the nacelle location and in pert dependent on the resulting rate of
development of cross-sectional area of the aircraft confiliguration.
Little or no unfavorable lnterference effects were obtained from the
inboard nacelles sbove Mach number 1.05 and below Mach number 0.93,
whereas, favorable lnterference was obtained from the wing-tip nacelles
throughout the speed range. The wing and body had a negligibie effect
on the total-pressure recovery of the inlet diffuser in elther the
inboard or wing-tip nacelle positions. The total-pressure recovery
from the nacelles was 98 percent at a mass-flow ratio of about 0.7
throughout the flight range. The drag-rise Mach number of the con-
flgurgtion with inboard nacelles was 0.93, which was about 0.03 Mach
number lower than that for the configuration with and without the wing-
tip nacelles.
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INTRODUCTION

As part of a general transonlc research program of the National
Advisory Committee for Aeronsutics t¢o investligate the aerodynamic
properties of promising alircraft configurations, the Langley Pilotless
Aircraft Research Division (at 1ts testing station at Wallops Island, Va.)
haeg tested seversl rocket-propelled free-flight models to determine the
variations of zero-1ift drag coefficient with Mach number for a high-
agspect-ratio-wing—body configurstion with nacelles located at various
posltions on the wing. The preliminary tests were conducted without
alr flow in the nacelles on the premise that the varlations of nacelle-
plus-interference drag coefficlent with Mach number would be the same
for the sclid and ducted nacelles. Thls premise was supported by tests
of solid and ducted nacelles located at the wing tips of the configura-
tion (ref. 1). Drag data for the solid nacelles located in various
spanwise, chordwise, and vertical positions on a 45° sweptback wing of
aspect ratio 6.0 were published in references 1 to 7.

This investigation was undertaken to determine the aerodynamic
properties of a nacelle located at the wing root of the basic confilgurea-
tion and to compare the nacelle propertles with the results from an
earlier investigation (ref. 1) of the nacelle tested at the wing tip.
Dapta from tests of 1lsolated nacelles obtalned in this Investigation
and from reference 2 are also presented in order to determine the effects
of interference on the nacelle drag and inlet pressure recovery.

The inlet of the nacelle consisted of an NACA 1-50-250 nose inlet
with a critical Mach number above 0.9 and a conical subsonic diffuser
that had a total angle of T°. The nacelle was proportioned to house an
axlal-flow turbojet engine (about 50 inches in diameter, full scale)
wlth an afterburner.

Because of the limited number of telemeter channels that could fit
into the flight model, measurements of total-pressure recovery and static
Pressure were obtained from three total-pressure tubes and one static-
pressure orifice located neer the end of the diffusger. Preflight Jet
ground tests were made of an isolated nacelle (also reported in ref. 1)
in order to calibrate the lntermasl flow at Mach numbers of 1.22, 1l.k2,
1.75, and approximately 0.8.

The flight tests covered a continuous range of Mach number from 0.8
to 1.3, with corresponding Reynolds nunbers, based on wing mean aero-

dynamic chord, varylng from 4 X 106 to 8 x 10°.
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SYMBOLS
A area in duet or crosg-sectional area, sq ft
a tengentlsl acceleration, ft/sec?
b wing span, ft
Cn total drag coefficient, based on wing plan-form ares
CDN nacelle-plug-interference drag coefficient, based on nacelle

frontal area .

c wing chord, £t

g acceleration due to gravity, 32.2 f£t/sec?

H total pressure, lb/sq £t

= average total pressure, 1b/sq ft

1 length, £t

M Mach number

m mess flow through duct, slugs/sec

m, mess flow through a stream tube of ares equal to inlet ares
under free-stream conditions, slugs/sec

P static pressure, lb/sq £t

a dynamic pressure, 1b/sq £t

Re Reynolds number, based on wing meen aerodynamic chord

r local radius of duct, in.

Teq radius of equivalent body of revolution, ft

s total wing plan-form area, sg ft

Sy frontal area of one nacelle, sq Tt

W weight of model during deceleration; 1b )

e angle between flight path and horizontal, deg
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v4 ratio of speclfic heats
p'd station

Yy ordinate, or locaetion of total-pressure tube measured from
center line of duct

Subscripts: .
o free stream

a megsuring station in duct

1 inlet '

£ fuselage

MODELS

Details and dimensions of the flight models and nacelles used in
this investigation are glven in figures 1 and 2 and tables I to V. The
crose-sectlonal area distributions and equivalent bodies of revolution
of the models tested and of the configuration with wing-tip nacelles
from reference 1 are presented in flgure 3. The amount of area sub-
tracted from the ducted nacelles In figure 3 to compensate for the
Internal Plow 1s equal to the stream tube area at the mass-flow ratlo
measured at Mach number 1.0. Photographs of the models are shown as
figure L.

Baslc research configuration.- The wing-body-fln combination was
similar to those investigated in references 1 to 7. The wing had a
sweepback angle of 45° along the quarter-chord line, an aspect ratio
of 6.0 (based on total wing plan-form area), a taper ratio of 0.6, and
an NACA 65A009 alrfoll section in the free-stream direction. The
leading edge of the wing Intersected the fuselage contour at the
maximum-dlameter station. The fuselage fineness ratio was 10.0 and
the ratio of total wing plan-form area to fuselege frontal area was 16.0.

Nacelles.- A comparison between the so0lid nacelle and ducted nacelle
is glven in figures 2(a) and 2(b). PRach nacelle was & body of revolu-
tion having an NACA 1-50-250 nose inlet, a cylindrical midsectlon, and
an afterbody having the proportions of form 111 (ref. 1). The fineness
raetios of the ducted nacelle and solid nacelle (including nose plug)
were 8.73 and 9.66, respectively.

AN
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For the flight model, the center lines of the nacelles were located
in the wing plane parallel to the free-gtream direction at sbout 15 per-
cent of the semispan (fig. 1). The nose of the ducted nacelle was
located at 40.5 percent of the locel wing chord in front of the wing
leading edge. This chordwise location with respect to the wing meximmm
thickness was the same as that used for other spanwise nacelle locations
in references 1, 3, 5, and 7. There was about a 0.35-inch gap between
the 1lip of the nacelle and the fuselage surface for boundary-layer

bypass-. -

The inlet of the nacelle duct (fig. 2(d)) consisted of a conical
diffuser with a 0.03-inch 1ip radius, a total angle of 7°, and an area
ratio (Ad/Ai) of 1.42:1. Three total-pressure tubes and one static-
pressure orlfice were located about 0.5 inch behind the diffuser. The
total-pressure tubes were located at O, 0.67, and 0.83 rsdius from the
duct center line. The inner body of the nacelle, which was formed about
that part of the wing passing through the duct, was a two-dimensional
strut having a leading-edge radius of 0.335 inch and a thickness ratio
of 8.k percent (table ITI). The duct was contracted in the afterbody
of the nacelle to have 1ts minirmmm srea at the exit. The exit area
was approximately 82 percent of the inlet area.

The isolated nacelle used for the preflight jet tests (fig. 2(e))
was similar to the ducted nacelle on the flight model, except that the
inner body 1n the cylindrical part of the nacelle was omitted. Four
total-pressure tubes were mounted on a symmetrical circular-arc strut
and located at 0, 0.42, 0.67, and 0.88 radius from the center line of
the duct, as is shown in figure 2(e). The static-pressure orifice and
total-pressure rake were located 0.5 inch behind the diffuser.

TESTS AND MEASUREMENTS

The flight tests and preflight jet ground tests were performed at
the Langley Pllotless Alreraft Research Station at Wallops Island, Va.

During the tests the Reynoclds number varled from.approximately
L x 106 at M; =0.8 to 8x 106 at M, = 1.3 for the flight tests

end from sbout & x 106 at Mg ~ 0.8 to 10.2 x 108 at M, = 1.75 for
the preflight jet tests as 1s shown in flgure 5.

Flight test.- Each flight model was propelled by a two-stage rocket
gystem and lsunched from a rail launcher (fig. 4(a)). The first stage
consisted of a 5-inch, lightwelght, high-velocity alrcraft rocket motor
thaet served to accelerate the model from rest to high subsonic speeds.
After burnout of the first stage, the booster separated from the model

= QR
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and a 3.25-inch Mk 7 rocket motor installed in the fuselage (second
stage) accelerated the model to supersonic speeds. The models were
tracked by a CW Doppler velocimeter and an NACA modified SCR 584
tracking radar unit to determine the deceleration and trajectory during
coasting flight. A survey of atmospheric conditions wes made by
radiosonde measurements from an ascending balloon that was released

at the time of launching. A four-channel telemeter installed in the
nose of the fuselage transmitted a continuous record of total-pressure
and static-pressure measurements from one of the ducted nacelles to a
ground receiving station.

The velues of total drag coefficient, based on total-wing plan~form
area, were calculated for decelerating f£flight by the relatlon

W
- ———(a + g sin 8)
Q085

The nacelle-plus-lnterference drag coefficient was obtained from
the differences in drag between a model without nacelles and a model
with nacelies. This coefficient, based on nacelle frontal area, is
expressed by : :

= - =
CDN CDnacelles on CDna.celles ofé)asN

Preflight Jet tests.- The preflight Jet is of the blowdown, open-
Jet type and can be fitted with varlious nozzles for testlng at super-
sonlc and subsonic Mach numbers. A description of the preflight Jet
and the testing technique i1s given in reference 8.

The ground tests of the isolated nacelle were made using the 8-inch
Mach number 1.22, 1.42, and 1.75 nozzles. Although the nacelle was
large relative to the nozzle, shadowgraphs (flg. 6) show no disturbances
from the nozzles entering the inlet. Since a subsonic nozzle was not
avellable for these tests, the 8-inch Mach number 1.22 nozzle was
operated at subcritical pressures and under steady-state conditions
in order to determine the flow characteristics 1ln the nacelle at a
Mach number of approximately 0.8.

Pregsure recovery and mass-flow ratio.- The pressure recovery and
mags-flow ratios were determined by integration of the measured profiles
at the test Mach numbers with the following expressions:
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2o [ E‘—;V{ =

o -1
%*’72 )

where my 1is the mass flow through an area equivalent to the inlet
area under free-stresm conditions.

Accuracy.- The accuracy of drag coefficient and Mach number for
the flight tests was established from tests of three identlcszl models
in reference 4. The error in pressure measurements for the flight
tests and preflight tests was based on the accuaracy of the instrumenta-
tion used. A list of the errors based on the above considerations is
given as follows:

¢p (0.8 <M<0.952nd 1.05SM=<12.30) . . . . ... ... . 10.000k
Cp (093 <KM<IL.03) . v v v v v v v v o v v o v oo o001
Cpy (0.8 =M=Z0.93and 1.053SM=1.30) . . . . . . ... ... #0.05
Coy (0.93 <M<1.03) . ..« o v v vt v v v v eanaaeao... 10.10
M o« et e e e e e e e e e e e e e e e e e e e . . F0.01
HifHG o o o ¢« o o o o o o o s s s o o s o v o s e o s .. 1001
P/Ho + « « ¢ o ¢ o o o o o o o s s o o s o 4 e s a e e a e ... t0.015
S <o IR0

The error in CDN may be large relative to the measured values;
however, values of CDN less than the drag coefficient of the isolated
nacelle usually indicalte the presence of favorgble interference effects.

RESULTS AND DISCUSSION

Drag.- The variations of total drag coefficlent with Mach number
for the models tested with the inboard and wing-tip nacelles {ref. 1)
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and for the basic wing-body configuration are presented in figure T(a).
The nacelle-plus~-interference drag coefficients and the drag coefficients’
from flight tests of the isolated solid nacelle (ref. 2) are compared in
figure 7(b). The internal drags of the ducted nacelles were found to be
of negligible magnitude and, hence, were not subtracted from the walues

of Cp and Cpy that are presented for the ducted nacelles. The maximum

measured value of the internal-nacelle dreg coefficient (based on nacelle
frontal area) was only 0.02, which value is less than the experimental
accuracy of the test measurements. The externsl drag of the isolated
ducted nacelle wes not obtained from the ground tests, but was estimated
from reference 9 to be slightly less than that of the isolated solld
nacelle between Mach numbers of 0.8 and 1.15 and somewhat grester sbove
M= 1.15 for the mass-flow ratios given in figure 8.

When the solld or ducted nacelles were installed at the wing root,
there was a large increase In the total drag of the configuration above
& Mach number of 0.93 (fig. 7(a)). The total drag from the solid
nacelle was slightly less than that from the ducted nacelle at Mach
numbers greater than 1.0 and somewhat higher between Mach numbers 0.94
eand 1.0. A comparison of the drags from these nacelles with that from
the isolated nacelle in figure T(b) shows that large unfavorsble inter-
ference effects were obtained from both Inboard nacelles near Mach num-
ber 1.0. The nacelle drags sbove M = 1.05 were approximately equal
to the drsg of the isolated solld nacelle. No unfavorsble interference
effects were obtalned from elther the sollid or ducted nacelles below
Mach number 0.93.

The comparison of nacelle drags presented in figure T(b) for the
nacelles tested at the wing root and at the wing tip (ref. 1) shows
that large changes in interference effects may be obtained by changlng
the nacelle loecation, especially near Mach number 1L.0. A similar
obgervation was made in reference 2, which also showed that a transonic’
aree. rule may be used to predict the effect of nacelle location- on the
nacelle-plus-interference drag rise through the speed of sound. The
transonic area rule, which was first presented in reference 10, states
simply that the drag rise nesr the speed of sound 1s mainly dependent
on the rate of development of cross-sectional area of the configuration.
To ald in the application of this concept, the cross-sectional areas of
the wing-body-nacelle combinations tested in this investigation and in
reference 1 are given in flgure 3. The amount of area subtracted from
the ducted nacelles in figure 3 to compensate for the internal flow is
equal to the stream tube ares at the mass-flow ratio measured (fig. 8)
at Mach number 1.0.

It is evident from figure 3 that the models with the lnboard nacelles
have a more rapild rate of development of cross-sectional area and a
greater maximum cross-sectional area than the models with the wing-tip
nacelles. Then, according to the transonic ares rule, 1t would be
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expected thet the nacelle drag rise should be reduced by moving the
nacelle from the wing root to the wing tip. This effect was obtalned
and is shown in figure 7(b). The unfavorsble interference drag from
the inboard necelles was elimlnated end favoreble interference effects
were obtalned near Mach number 1.0 by moving the nacelles to the wing
tips. The wing-tip nacelles experienced no drag rise at transonic
speeds and had slgnificantly lower drag, due to favorable interference,
than the inboard nacelles at supersonic speeds. Thls reduction of
ngcelle drag may be due to elther less nacelle-fuselage interference
at the wing tips than at the inboard position or a favorable end-plate
effect from the wing-tip nacelles or both.

At the beginning of thls investigation, the inboard nacelle of
reference 3 was moved from the 18-percent to the 15-percent semispan
station in order to obtain the flow characterisgtics of the inlet located
very near the fuselage. This glight movement of the nacelle masde the
nacelle intersect the fuselage and resulted in s slight decrease in
cross-sectional areas development of the configuration, but caused a
large increase in drag near Mach number 1.0, Indicating a limitetion to
the transonlic area rule. The increase 1in drag evidently was due to
unfavorable interference that resulted from the scute Intersections
between the fuselage and nacelle.

The drag-rise Mach mumber of the configuration with the inboard
nacelles was 0.93, which was about 0.03 Mach number lower than that
for the configuretion with and without the wing-tip nacelles.

Pressure recovery.- The aerodynamlic properties of the inlet of the
inboard nacelle are presented in figure 9. This inlet was located very
near the fuselage, with a gap between the 1lip and fuselsge surface of
only 0.35 inch. The size of the gap, however, was determined from con-
siderations of the boundary-layer thickness that might be present on
the fuselage near the inlet. The boundary-layer thickness was.estlmated,
from flight-test data of a parabolic body of revolution presented in
reference 11, to be about 0.28 inch at My, = 1.25. The gap was made
only 25 percent greater than this thickness on the premise that any
boundary-layer buildup behind the bow wave (normal shock) from the inlet
would not exceed the size of the gap and interfere with the flow into
the inlet.

A comparison of the total-pressure profiles after the diffuser of
the inlet for the inboard nacelle and the isolated nacelle in figures 9(a)
and 9(b) shows that both nacelles had flat total-pressure profiles of
approximately the same magnlitude at correspondlng Mach numbers. It is
evident from this comparison that the boundary layer on the fuselage
near the nscelle Inlet 31d not enter the inlet of the inboard nacelle
to disturb the lnternal flow.
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The veriations of pressure recovery Hd/ﬂb with Mach nunber from
the flight tests of the inboard nacelle and wing-tip nacelle (ref. 1)
and from the ground tests of the isolated nacelle are given in figure 9(c).
Good agreement was obtained between the pressure recoveries of the
nacelles at corresponding Mach numbers, indicating that the wing andg
fuselage had a negligible effect on the pressure recovery of the nose
inlet throughout the flight-test range. The total pressures measured
after diffusion were about 98 percent of the free-stream total pressure
at an average mass-flow ratio of 0.7 at Mach numbers from 0.8 to 1.3.
The 1nlet pressure recovery as determined from the ground tests was
only 3.5 percent less than the recovery from a normal shock at Mach
number 1.75 (fig. 9(c)) and a mass-flow ratio of 0.96.

Figure 9(d) shows the veriations of static pressure at the diffuser
measuring station from M, = 0.8 to 1.75 as determined by the flight
and ground tests.

CONCLUSIONS

The results of flight tests between Mach numbers of 0.8 to 1.3 of
a 45° sweptback-wing~body configuration with nacelles (having NACA
1-50-250 nose inlets) located at the wlng roots and comparisons with
the results of previous tests of wing-tip nacelles and isolated nacelles
are as follows:

1. The nacelle-plus-interference drag rise from the hacelles was
in general dependent on the nacelle location and in part dependent on
the resulting rate of development of cross-sectional ares of the air-
craft configuration.

2. Little or no unfavorable Iinterference effects were cbtained
from either the solld or ducted inboard nacelles sbove Mach number 1.05
and below Mach number 0.93, whereas, fevorable interference was obtalined
from the wing-tlp nacelles throughout the f£flight range.

3. The wing and body had & negligible effect on the total~pressure
recovery of the inlet diffuser in either the inboard or wing-tip nacelle
positions. The total pressure after diffusion was about 98 percent of
the free-stream total pressure at a mass-flow ratlo of about 0.7 through-
out the flight-test range.
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4. The drag-rise Mach number of the configurstion with the inboard
nacelles was 0.93, which was about 0.03 Mach number lower than that for
the configuration with and without the wing-tip nscelles.

Langley Aeronasuticel Laboratory,
Nationsl Advisory Committee for Aeronautics,
Langley Field, Va., August 10, 1953.
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TABLE I TABLE II '
FUSELAGE COORDINATES COORDINATES OF THE NACA 65A009 AIRFOIL
x, 1n. ¥y, in. x/c, y/e,
percent percent
0 0 0 0 '
A 185 .5 .690°
.6 .238 15 .837.
1.0 3he 1.25 1.068
2.0 .578 2.5 1.463
4.0 964 5.0 1.965
6.0 1.290 7.5 2.385
8.0 1.577 10.0 2.736
12.0 2.074 15.0 3.292
16.0 2.472 20.0 3.7k
20.0 2.772 25.0 L .03k4
24.0 2.99% 30.0 . 266
28.0 3.1h6 35.0 4. koo
32.0 3.250 40.0 L.4o5
36.0 3.31k4 45.0 L.485 -
40.0 3.334 50.0 k.379
k.0 3.304 55.0 4.173
8.0 3.219 60.0 3.881,
52.0 3.037 65.0 3.519:
56.0 2.849 T0.0 3.099
60.0 2.661 75.0 2.630 -
6.0 2.47h 80.0 2.125.
66.7 2.347 85.0 1.6011;
90.0 1.074 -
95.0 54T
100.0 .020
Leading~-edge radius,
0.00516¢
iNACA?
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TABLE ITT
COORDINATES FOR NACELLE INNERBODY

E__&odified alrfoil sectiorzl

TABLE IV

X, in. ¥y, in.
0 o]
154 .316
.T30 .380
1.307 428
1.884 165
2.461 492
3.037 .510
3,614 .518
6.285 504
6.848 492
T7.-410 469
7.972 436
8.534 «395
9.097 .348
9.659 .296
10.221 .239
10.783 .180
11.346 121
11.908 .062
12.470 .002
Leading-edge radius,
0.3%5 in.
ﬁ“ﬂﬁﬂ"'

X, In. ¥, in.
0 0
.100 .070
.3%0 .169
.8%0 .336
1.330 189
1.830 622
2.330 -THT
2.580 .800
2.958 876
3.585 9Tk
4 .840 1.105
6.095 1.190
T.350 1.240
8.605 1.255
16.830 1.255
17.872 1.237
18.913 1.195
19.955 l.127
20.996 1.029
22.038 .909
23.079 - 768
2h.121 .616
2. 250 .598
“‘ﬂiﬂ"’

15

COORDINATES FOR SOLID NACELLE
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TABLE V

COORDINATES FOR DUCTED NACELLE

External Internal
x, in. ¥, in. x, in. ¥, 1in.
0 0.661
.063 123
.188 .TT0
251 . 789
A39 .836
.628 .876
1.255 OTh o 0.63
2.196 1.077 2.00 .5
3.138 1.152 3.00 TLT5
4.393 1.219 k.332 1.075
6.275 1.255 6.275 1.075
1% .500 1.255 14.500 1.075
15.542 1.237 15.542 1.057
16.583 1.195 16.583 1.010
17.625 1.127 17.625 .955
18.666 1.029 18.666 .882
19.708 .909 19.708 .T9L
20.749 .68 20.749 .690
21.791 .616 21.791 .585
21.920 .598 21.920 575

Lip radius, 0.03 in.
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Wing L.E. intersacts
body at max. diam.

L-—-m.oa——'

¥ax, diam.
6.67
< 1 =
m.m "1
66.687 u
Figure 1.~

Hodel characteristicss

Body Lineness ratloecesecrecssscensasnse 1040
Wing aspeot ratiOeescscncscsscccnssncess 640
Wing taper ratloccesscecvsnsenscorsases 0.8
Mean aserodynamic chord,fteeceescncsnsses 0,822
Airfoll parallel to free

8LroAMscscecssnvcssonssssnsanece NACA 654009
Total wing plan-form

Aros, B8Q ftesessscecccscancsasasvsnes 34878
Exposed wing plan-form area, 8q fteesee 34333
Bxposed wing frontal area, #q fteceec.. 0.299
Body frontal area, - 8Q fhecerercarersoes 0.842
Total frontal areg, 2q fteceesscecscces 0550
Exposed fin plm-fom area

(2 £ins), 8 ftecessccccscncsensreseee 0.468

Pins are flat plates and 0,091 inch thiok with
0.046-1noh radins at edges,

Nagelle fineness matio (ducted).eessveee Ba73
Nacelle fineness ratlo (8011d)eecescvrsee .66
Frontal area of one nacelle, 8q ftesese 0.034
Nose Iinlet of nacelle.sceessss NAOA 1-50-2850

N

57.89

General arrangement and dimensions of test model. All dimensions

are in inches.

L
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Noae plug NACA 1-3502E0 inlst Cylindrisal mld-section Form - 111 afterbody
! 2.51 dleam. i
- - i i 1.20 0.D.
t l -
M 3,33 =
-+ ———————— §.60 ————————=4
- 16.85
- B4.26
(a) Solid nacelle.
81.08 ——————»
+ 5w 14.80
> ot —————] ~ NG
1.26 I.D - 4— ! — — — — - 1.14 I.D,.

(b) Ducted nacelle.

Figure 2.~ Details and dimensions of solid nacelle, ducted nacelle, and
nacelle inlets used for the ground tests and flight tests, All

dimensions are in inches.
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Nagells Laner body, medified
airfoll section (table IXI).

L__ -

e = e et e e i — ———— ——

T e ———

OCHLST W VOVN

ol iy e s e - ——-—.-—_.__-.—._—.__._..___..—..—.-

i
,@
B
A
v
Y
\
?\/i’
A\
A

(_,_/

(e) Nacelle installation at wing root.

f—— 2,00 1.00-»]
0.40—1--'—.1
| W/ / bl
T't 1!; 0.5 T 006 _/} oy
1,86 | 1.36 - 04800
- —fh - —t ea8 - - T .80
: 1 ~8R8 0,888
"g' ' -L Jj.¥ o
3.59 3.59
e &, 50 Lmﬁ . Btatis apd total hu.d f4——- 2.80 —-——-1‘-1/1& B:::i:r:nd"bt:rg‘erd
defld ra;lgr; ﬂlo 0. H— .00 »04 0.0, and 0.08 I.0I.,
(d¢) Inlet for flight test. (e) Inlet for ground test.

61

Figure 2,- Concluded.
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(a) Model with inboard nacelles.

(v) Equivalent body of revolution for model with inboard nscelles.

.6 x1072 -

S0lld nacelles

L2 — Ducted nacelles
Los
¢

4

L

3 4 5

(c) Cross-sectional area distribution for model with inboard nacelles.

Figure 3.- Cross-sectional area distribution of wing-body-nacelle models.,




NACA RM L53H20 21

R ——— —

[ [ 1
"0 R 2 3 4 5 B g 8 .9 10 1l 1.2 1.3

(e) Equivalent body of revolution for model with wing-tip nacelles.

1.6x102

L2 —
80lid nacellea

Ducted nacelles

A
-8
152

4

Cross-sectional area distribution for model with wing-tip nacelles (ref. 1).

Figure 3.- Concluded,
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1~-61049
(a) Basic configuration and booster on rail lasuncher.

Figure 4.- Photographs of flight models.



NACA RM L53H20 COhi

L=73580,.1
(b) Model with solid nacelles at wing root.

L-771h241
(c) Model with ducted nacelles at wing root.

Figure b4.- Continued.
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I~TT71lll el
() View of nacelle installation at wing root. [ELS

Figure 4.~ Continued,
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NACA RM L53H20 SANREDERRS:

| L-67573 41
(e) Model with solild nacelles at wing tips (ref. 1).

I-69938.1
(£) Model with ducted nacelles at wing tips (ref. 1).

Figure 4.- Concluded.
S
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12 xi08
10 e
s
8 —
=l
=z
s 3
; =
/JJ
_:/ With no nacelles, ref. Iy
4 q }4// ————— With ducted inboard macelles
— With aolid inboard nacelles
———— Wilth ducted wing-t'i'p nacelles, ref. 1
) ———~~-- With solid wing-tip nacelles, ref. 1
-5 Ground test nacelle
0
8 9 1.0 I 1.2 13 14 15 16 .7

Figure 5.~ Variation of Reynolds nmumber with Mach number for models tested.

(Reynolds number based on wing mean aerodynsmic chord.)

1.8

92
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NACA RM L53H20 (T,

(p) M, = L.k2.

L-708L5

(e} Mo =1.75.
Figure 6.- Shadowgraphs of NACA 1-50-250 nose inlet in preflight jet.
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06 - S
————— Ro nagelles, ref. 4 *
— — — — With dusted inboard nacelles ' —_
——— —— With aolid inboard nacelles 5 o — =t
05 — -
——— — With ducted wing-tip nacelles, ref. 1 //;'/—————‘
P =
————~—— With s0l1id wing-tip nacelles, raf. 1 A — %/'1
WL Yt
04 e =)
_ /‘/2/ /.
Cn . A Vi ,42‘ﬁ
D 03 - g 77 ==
// ‘,/
/ 4
4 / /
o2 : A
N 4 ij
- E-:-(‘
Ol
0
8 9 1.0

(a) Variations of total-drag coefficients with Mach number .

12
Isoclated nscells,soclid, ref. 2 =
—————— Inboard nscells, ducted
8 —— ———  Inboard nacelle, solid
~ ——  — — Wing-tip nacells, ducted, ref. 1 *
/ /A\ —_——  —— Wingetip nacelle, solid, ref. 1
Coy 4 P i == g ————
v | e —— | — = =
21— ———t—— ~—
oy Y Sp— il D e Ap—
B bt B W ——
— 1 == J\ } _—
__4 T ! =
8 g 1o L 1.2 1.3
Mo
(p) Variations of nacellé-plus-interference drag coefficients .
with Mach nunber.
Figure T7.- Varlations of total-drag coefficlents and nacelle-plus- _ -

interference drag coefficients with Mach number for models tested.



OCHEGT WY VOVN

10
e -
.—__..a-‘
--""/
F-/
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"

8 _,;gzzsf:’
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= — — [T

— —-—
6

o
m,
4
Inboard nacelle, rlight teat
2| ————— — Wing tip nascelle, flight teat, ref. 1
————— ——— ZIaolated naoelle, grouad teat, W
0 _
8 9 1.0 LI 12 13 14 15 16 1.7 18

Mo

Figure 8.- Variation of maes-flow ratio with Mach mmber.
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LOL ;g | r ‘
o M, =0.8 -
Hy ° o My = 1.00 |
fo o My = 1.10
° My = 1.22
T o 2 4 6 8 1.0 - | -
r

(a) Total-pressure profile after diffuser for several Mach numbers as
determined by flight test of inboard necelles.

LO — = =
qr 1= -
TN e meos .
9
H, _
o . —-—
8‘, Cx — o, o' Mo 1'42
t H
\ o =1.75 -
. ) Mo =1
7 . o
. 0 2 4 6 .8 10 ~wees
r
(b) Totel-pressure profile after diffuser for several Mach numbers
as determined by ground tests of the isolated nacelle. I
Figure 9.- Propertiés of ducted nacelle with an NACA 1-50-250 inlet as i
determined by flight tests and ground tests. -
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4] -
—{ 01— )——E':—'(-)—A-'-'U-(" = ).\
_ 9 -:.L\""-.‘_
Hi \ -.,_\\\
H o Flight test, inbeard naceils, Ny
0 8 D Flight test, wing tip nacelle, raf. 1 \A =
* a Ground test, laolated nacolle
————— Normal ahook resovery
7
B 9 10 ] 12 |3 4 5 6 7 8
MO

() Variation of diffuser pressure recovery with Mach number. .

9]
9 1 0- U_D“‘(
T [~ N

0 o] Flight test, inboard nacelle, \ :

8 u] Plight test, wing tip nasells, refs 1
A Ground test, isolated nacells,
g
B 9 0 Il 12 13 [ 15} B Irg 18

(d) Veriation of static preesure after diffuser with Mach mmber.

Figure 9.~ Concluded.
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